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The  highest  resolution  spectroscopy  Is  ultimately  limited  by  processes 
which  relate  to  atomic  velocities  such  as  second  order  Doppler  shift  and 
transit  time  effects.  Laser  cooling  of  ions  in  traps  promises  to  deal 
with  these  problems,  but  there  is  a  great  deal  of  interest  in  achieving 
the  same  benefits  for  neutral  species.  Unfortunately  compared  to  ions, 
neutrals  interact  very  weakly  with  external  electromagnetic  fields,  so 
that  it  is  much  more  difficult  to  trap  them.  Proposed  traps  using  laser 
fields,  electrostatic  fields,  or  magnetic  fields,  have  not  yet  been 
realized.  Much  of  the  difficulty  centers  on  the  very  small  energy  depth 
of  the  neutral  traps,  and  the  difficulty  in  cooling  atoms  contained  in 
such  a  trap,  in  contrast  to  the  situation  with  ion  traps.  As  a  result, 
much  of  the  interest  now  centers  on  the  deceleration  of  a  free  atomic 
beam,  either  for  direct  use  in  high  resolution  spectroscopy  or  as  a 
preparation  for  loading  atoms  into  a  trap. 

Deceleration  of  an  atomic  beam  is  accomplished  by  directing  a  resonantly 
tuned  laser  beam  opposite  to  a  beam  of  neutral  atoms.  Repeated  absorption 
of  the  laser  light  by  the  atoms,  followed  by  spontaneous  re-emission 
results  in  deceleration.  Use  of  a  magnetic  field  along  with  circular 
polarization  of  the  laser  avoids  undesired  optical  pumping  of  the  sodium 
used  in  the  atomic  beam.  Causing  the  magnetic  field  to  vary  in  space 
allows  the  changing  Zeeman  shift  seen  by  the  atoms  to  compensate  the 
changing  Doppler  shift  as  the  atoms  slow  down.  In  this  way,  resonance  is 
maintained  throughout  the  deceleration  process. 

A  key  problem  with  the  technique  described  above  is  that  while  atoms  can 
be  brought  to  rest,  this  occurs  in  a  region  of  strong  magnetic  field 
gradient,  which  makes  utilization  of  the  stopped  atoms  difficult.  During 
the  past  contract  period,  we  have  solved  this  problem  by  allowing  very 
slow  atoms,  created  in  the  gradient  field,  to  drift  into  a  uniform  field 
region  after  the  decelerating  laser  beam  is  turned  off.  Once  the  atoms 
are  well  out  of  the  gradient,  the  laser  is  pulsed  on  for  a  time  sufficient 
to  bring  the  atoms  to  rest. 

The  density  of  stopped  atoms  observed  exceeds  lO-Vcm^,  with  a  velocity 
width  of  about  15  m/s.  This  density  and  spread  should  allow  the  loading 
of  the  atoms  into  a  variety  of  magnetic  or  optical  traps. 
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